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SPECIFICATION 

1 . Title of the Invention 

An Electrode Tip for Resistance Welding 

2. Claim 

(1) An electrode tip for resistance welding which is comprised of a tip part 
that is in contact with the welding site, a side circumferential face that is 
positioned at the side of the tip that is in contact with said tip part and a main 
body that is comprised of the parts other than the aforementioned tip part and 
said side circumferential face part and that has a hole that is formed in its interior 
and which opens on the side opposite the tip-part side and which is rod shaped 

characterized in that at least the aforementioned tip part is constructed of 
a substrate comprised of copper or a copper allo y and of a powder that has a 
coating layer that is formed of at least one of the elements molybdenum, 
tungsten and titanium^whi c[^powder is sintered on saids ubstrate. 

3. Detailed Description of the Invention 
[Field of Industrial Application] 

This invention relates to an electrode tip for resistance welding, and, in 
greater detail, it relates to an electrode tip for resistance welding of improved 
durability. 
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[Prior Art] 

As shown in Figure 4, alloys in which copper is the base such as 
chromium-copper and beryllium-copper are used as electrode tips for 
conventional spot welding. Further, as shown in Figure 5, it is a characteristic 
that a dispersed reinforcing alloy copper 6 of superior durability is embedded in 
the end of this type of tip. 

Electrode tips are known that are made of titanium carbide-copper- 
molybdenum systems which contain molybdenum in weight ratios of 0.8 to 1.5% 
in order to improve durability and which contain titanium carbide in volumetric 
ratios of 25 to 40% in order to improve heat resistance and impact resistance 
(Japanese Patent Application Early Disclosure No. 47-38,856 [1 972]). 

Electrode tips are also known that are characterized in that they are 
formed by sintering a composite material comprised of powdered or fibrous* 
carbon that has been at the least copper-plated (Japanese Patent Application 
Early Disclosure No. 58-100,986 [1983]. 

Electrode tips are also known that are formed of composite materials * 
having friction resistance (Japanese Patent Application Early Disclosure No. 55- 
144,386 [1980]. Further, as shown in Figure 6, devices are known in which a 
surface coating layer 7 having friction resistance is formed on the surface of the 
tip (Japanese Patent Application Early Disclosure No. 60-227,998 [1985], No. 60- 
231,596 [1985] and No. 60-231,597 [1985]). In addition, as shown in Figure 7, 
an electrode tip that is comprised of copper reinforced by dispersed alumina, 



" poorly legible — Trans, note. 



which contains alumina powder 6 is also known. 

[Problems the Invention Is Intended to Solve] 

When ordinary soft steel plate is spot welded with various types of 
conventional electrode tips as shown in Figure 4, softening and some limpness 
are brought about due to the high temperature, with the current density in the tip 
part being decreased. For this reason, there are many instances in which 
welding is poor with 5000 to 8000 spot welds and reforming is necessary. In 
particular, when zinc-plated steel plates are spot welded, the friction at the 
electrode tip due to alloying between the zinc of the plate surface and the copper 
of the electrode becomes 5 to 10 times more severe than when ordinary steel 
plate is spot welded. For this reason, shaving and grinding down of the tip part - 
must frequently be performed. The loss of the electrode tip in this way is even . 
more severe when ordinary soft steel plate and zinc-plated steel plate are spot 
welded together. 

Further, as indicated in Japanese Patent Application Early Disclosure No. 
47-38,856 [1972], No. 58-100,986 [1983] and No. 55-144,386 [1980], when the 
entire electrode or the electrode tip are made with a friction resistant composite 
material comprised of copper and a friction-resistant material component, there 
are superior properties of processability, electrical conductivity, high temperature 
strength and [illegible] resistance. However, in resistance welding of zinc-plated 
steel plate, alloying of the zinc and the copper of the tip occurs, with y-phase Cu- 
Zn solid solutions being formed so that peeling occurs from the surface and there 
is severe loss of the tip end. 
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The alumina content in the electrode tip shown in Figure 7 should be 
approximately 3 volume %. However, the tendency for the copper of the tip and 
the zinc to readily undergo alloying is no different from that of the 
aforementioned electrode tips. Further, when the alumina content in these tips is 
increased in order to being about further improvement in durability, there are the 
problems that low resistance occurs and that the amount of heat generation 
increases, for which reason loss is increased. 

Moreover, tips of the shapes shown in Figure 3 to Figure 7 are expensive 
with little effect proportional to cost being seen. 

This invention was developed for the purpose of overcoming the 
aforementioned problems and has the objective of providing electrode tips for 
resistance welding with which permeation of zinc into the electrode tip is 
prevented and with which durability of zinc-plated steel plates in spot welding is 
improved; 

[Means for Solving the Problems] 

The electrode tips for resistance welding of this invention are comprised of 
a tip part that is in contact with the welding site, a side circumferential face that is 
positioned at the side of the tip that is in contact with said tip part and a main 
body that is comprised of the parts other than the aforementioned tip part and 
said side circumferential face part and that has a hole that is formed in its interior 
and which opens on the side opposite the tip part side and which is rod shaped, 
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characterized in that at least the aforementioned tip part is constructed of 
a substrate comprised of copper or a copper alloy and of a powder that has a 
coating layer that is formed of at least one of the elements molybdenum, 
tungsten and titanium, which powder is sintered on said substrate. 

In this electrode tip, an irregular region is formed on the inside 
circumferential surface on the lower side, which includes at least the bottom 
surface of the inside circumferential face of the aforementioned hole, providing a 
structure that increases the cooling effect. 

[Action] 

At least the tip part of this electrode tip, as shown in Figure 2, is 
constructed by sintering a powder having the coating layer 12, which is coated 
with W and Mo, which have low affinity with zinc, to a surface such as copper or 
Cr-Cu. Consequently, because the Mo that. is coated on the powdered copper in 
this electrode tip is of low affinity for Zn, diffusion and permeation of Zn from the 
zinc-plated steel plate 8 is controlled during spot welding. Therefore, alloying of 
the Cu in the electrode tip with the Zn from the zinc-plated steel plate 8 is 
prevented and formation of y-phase Cu-Zn solid solutions or p-phase Cu-Zn solid 
solutions is prevented. Consequently, peeling from the electrode tip surface in 
this electrode tip is prevented. 
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[Effect of the Invention] 

Because alloying of Zn with the electrode tip in the case of resistance 
welding with this invention is prevented as described above, by this action, the 
durability of this electrode tip is markedly improved. 

Consequently, tips of high durability in the presence of zinc-plated steel 
plate, which cannot be obtained with conventional electrode tips by means of 
homogeneous alloys, simple surface treatment or embedding of heterogeneous 
alloys, can easily be manufactured. For this reason, the rate of formation of 
welds of electrode tips in spot-welding processing can be decreased, with the 
result that the downtime of equipment due to electrode grinding can be 
decreased and the frequency of electrode replacement can be decreased. v - 
Therefore, the operating rate of automobile-body spot welding lines can be 
increased. 

Further, when this electrode tip is used, it is effective for zinc-piated steel 
plate, for which reason the welding of automobile bodies having high rust- 
prevention characteristics can easily be accomplished. 

[Examples] 

We shall now describe this invention in specific terms by means of an 
example. 

Figure 1 shows a longitudinal cross-sectional view of an electrode tip that 
pertains to this example. The electrode tip is comprised of the tip part 1 and the 
main body 2 and the tip end has a rounded rod shape. This tip part 1 comes into 



contact with the part that is to be welded. The main body 2 is the component 
excluding the tip part 1 and has the hole 3 inside it that opens to the side 
opposite the tip part. - . 

The aforementioned tip part 1, as shown in Figure 2, is constructed of the 
base part 1 1 , which is comprised of copper or chromium-copper and of a powder 
comprised of the coating layer 12 which is formed of molybdenum or tungsten 
that is sintered onto the surface of said base part 1 1 . The average particle 
diameter of this powder is on the order of 30 jam. Its shape should be essentially 
spherical or close to spherical and . the thickness of the coating layer should be on 
the.order of approximately 1 to 1 .5 urn. The quantity of metal such as Mo that 
forms this coating layer should be on the order of 10 to 15 weight % of the metal 
that forms the base part. 

This powder can be manufactured as described below. First, metal 
powder is ordinarily manufactured by the melt spraying method (atomization 
method). This method is a method in which a specified metal is fused, dispersed 
*&nd solidified by a high-speed liquid and then powdered. In this ca.se, the shape 
of the powder is made granular and its particle diameter is changed depending 
on the surface tension of the atomized metal and the atomization conditions. 
Next, a coating layer comprised of a specified metal is formed on the surface of 
this metal powder by the dry plating method. This dry plating method is usually a 
nonelectrolytic plating method. The aforementioned main body is usually 
constructed by sintering copper powder or chromium-copper alloy powder, and 



then the aforementioned tip part 1 and main body 2 are sintered together to form 
a single unit 

This electrode tip was manufactured as described below. First, the 
specified powder as described above was placed in a specified mold at the 
specified site of the aforementioned tip part 1 . Specifically, powder having the 
aforementioned Mo as the coating layer is placed in the tip region and the copper 
powder is placed in the main body region. The entire element may also be 
formed by said Mo-coated powder. 

Following that, preliminary pressure is applied at 10 kg/mm 2 . Next, the 
pressure is increased to approximately 13 to 15 kg/mm 2 as the materials are 
heated at approximately 900 to 950°C, with sintering being performed for 1 hour... 

An electrode tip of the same shape comprised of a chromium-copper alloys 
was manufactured as a comparison-example product. 

Zinc-plated steel plate was spot welded using the electrode tips of the 
aforementioned example product and the comparison-example product The r. 
conditions of this spot welding were a welding current of 10,500 A, a current 
passage time of 12 cycles, a "squeeze" time of 30 cycles, a hold time of 1 . cycle 
and an increased pressure of 200 kg. When this spot welding was repeated for 
2000 welds, welding with the comparison-example product became poor. With 
the product of the example, poor welding did not occur at this frequency and 
there were good results up to 6000 welds. 

When zinc-plated steel plate and ordinary steel plate exhibiting the most 
sesvere wear were welded alternately under the same conditions, welding 



became poor by 600 welds, with the comparison-example product, whereas poor 
welding did not occur up to 4000 welds with the example product. 

Tests of the friction resistance of electrode tips made of conventional 
materials were performed as described below. 

Specifically, an electrode tip. comprised of Cu-Cr alloy was used for spot 
welding of zinc-plated steel plate for 1000 consecutive welds. The conditions of 
this spot welding were the same as described above. Figure 8 shows an 
enlarged cross-sectional view (100 x) of the tip part after 1000 consecutive 
welds. In this figure, the black region on the left side shows the weld state of the 
Zn. The black line in the lower left shows a state in which Zn has penetrated into 
a crack. Figure 9 shoes the results (100 x) of an analysis of that line. This line 
analysis was conducted by EPMA. The left side shows the surface of the tip part 
and the X axis shows the distance from the surface. By means of this analysis, it 
was found that alloys of Fe, Cu and Zn were formed closest to the surface, 
followed next by alloys of y-Cu and Zn and then by alloys of |3-Cu and Zn. 

Figure 10 shows an enlarged cross-sectional view of the surface of the tip 
part when an electrode tip comprised of reinforced copper which contained 
dispersed alumina was used to perform spot welding for 2500 consecutive welds. 
Figure 1 1 shows the results of line analysis. 

From these figures, it can .be seen that the surfaces of all of the electrode 
tips exhibited alloying of y-phase or p-phase Cu-Zn. When the alloying in this 
example is considered in view of the results in the comparative examples 
described above, it is thought that it was controlled. 



In the electrode tips described above, the tip parts were comprised of 
particles having a coating layer made of metals of little affinity to zinc. Therefore, 
alloying between copper and zinc could be prevented during the spot welding of 
zinc-plated steel plate. Consequently, the durability of this electrode tip in 
welding could be markedly improved. Consequently, service life can be greatly 
prolonged by means of this electrode tip. 

This invention is not limited to the specific example described above and 
there can be examples in which various changes are made within the scope of 
the invention depending on its objective and uses. 

Specifically, the electrode tip may be rod-shaped. For example, the 
diameter, length and tip shape can be selected depending on the objective and 
use as long as it is a shape with which spot welding is possible. The tip shape of 
the tip part can be varied and it may have a specified taper as well as a specified 
radius of curvature and the tip-most part can be flat. 

As shown in Figure 3, the side circumferential face part 4 in this electrode 
tip may be constructed by sintering at least one of zirconium boride (ZrB 2 ) 
powder, titanium boride (TiB 2 ) powder, tungsten carbide (WC) powder, metallic 
molybdenum (Mo) and Ti powder, and the aforementioned main body 2a can be 
constructed by sintering at least one of copper powder and copper alloy powder. 
This raw material powder is a material that is of superior strength and toughness 
and that can prevent limpness of the tip part 1a. When the powder material is 
sintered and formed as the raw material in accordance with the respective 
required characteristics depending on the required characteristics of each site, 



i.e., when the tip part 1a is comprised of a material of superior durability in the 
presence of zinc-plated steel plate, when the side circumferential face part 4 is 
constructed of a material that is of superior toughness for preventing limpness of 
the tip part 1a and when the main body part 2a is constructed of a material of 
high electric conductivity, each part is suited to the characteristics required of the 
site, for which reason the tip is of extremely good durability. Further, there are no 
particular limitations on the shape and thickness of the aforementioned specified 
tip part and side circumferential face part, and, as shown in Figure 3, the 
thickness of the tip part 1a can be thinner than indicated in the specific example 
described above. 

An example in which the concept of this invention was applied to an 
electrode for seam welding is discussed below as a reference example. Seam 
welding is a method of continuous spot welding in which plate-shaped parts to be 
welded are placed between disk-shaped electrodes, pressure is applied and the • 
electrodes are rotated. The part that is in contact with the outside circumferential 
side part of the disk-shaped electrode, i.e., the part to be welded, can be 
constructed in the same way as the material that forms the tip part described 
above. In this case, the effect is the same as that of the example described 
above. The method of construction can be, for example, (1) a method in which a 
ring-shaped single entity is produced and is affixed by being connected to or 
fitted into the disk part on the inner side, and (2) a method in which individual 
blocks are made that form a ring shape when they are joined, each block is put 
together and a ring-shaped outside circumferential side part is made. . 



• * 

4. Brief Explanation of the Figures 

Figure 1 is longitudinal cross-sectional view of an electrode tip for 
. resistance welding that pertains to the example. Figure 2 is an enlarged 
schematic cross-sectional view that shows the state in which a zinc-plated steel 
plate is spot welded using the electrode tip shown in Figure 1. Figure 3 is a 
schematic longitudinal cross-sectional view of an electrode tip for resistance 
welding which is comprised of a material of superior strength and toughness in 
the side circumferential face part and which has a main body in which 
irregularities are formed in the inside circumferential face of a hole. Figure 4 is a 
schematic cross-sectional view of a conventional electrode tip for resistance 
welding. Figure 5 is a schematic cross-sectional view of an electrode tip for 
resistance welding in which dispersed, reinforced alloy copper is used for the tip 
part. Figure 6 is a schematic cross-sectional view of an electrode tip for 
resistance welding that has been subjected to a surface treatment. Figure 7 is a 
schematic cross-sectional view of an electrode tip that is comprised of an 
alumina-dispersed reinforced copper. Figure 8 is an explanatory diagram that 
shows a cross-sectional photomicrograph (100 x) of the metal texture of the tip 
alloy layer after 1000 consecutive welds of an electrode tip comprised of a Cu-Cr 
material. Figure 9 is, similarly, an explanatory diagram that shows the results of 
an EPMA line analysis thereof. Figure 10 is a cross-sectional diagram of metal 
texture similar to that shown in Figure 8 after 2500 consecutive welds of an 
alumina-dispersed electrode tip. Figure 1 1 , similarly, is an explanatory diagram 
that shows the results of line analysis thereof. 
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1 - tip part 1 1 - base part 12 - coated layer 

2 - main body .3 - hole 4 - side circumferential face part 
6 - alumina 7 - surface-coated layer 

8 - zinc-plated steel plate 

Applicant: Toyota Automobile Company, Ltd. 
Agent: Hiroshi Ogawa, Patent Attorney 
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